INTRODUCTION
Monitoring of chloride flux as a surrogate for heat flux in Yellowstone National Park and vicinity has been carried out by a number of investigators including Fournier and others (1976) , Norton and Friedman (1985) , Friedman and Norton (1990) , Norton and Friedman (1991) , Friedman and others (1993) . The reasons for these investigations varied from purely scientific, including the acquisition of an understanding of temporal changes in the plumbing system that connects the magmatic reservoir to the shallow geothermal system under Yellowstone, to the practical need of establishing baseline data to assess possible adverse impacts on thermal features of the Park from proposed commercial development of geothermal, oil and gas resources adjacent to the Park.
The data in this report extends the monitoring by Norton and Friedman (1991) of the chloride flux that leaves the Park via four major rivers, which are the Yellowstone, Madison, Snake, and Fall, which they estimated to be 94% of the total flux exiting the Park. They postulated that most of the remainder of the chloride exits along the west boundary of the Park in the Henry's Fork drainage (Norton and Friedman, 1985; Friedman et al., 1993) . Data are also presented for the Firehole and Gibbon Rivers which combine in the Park to form the Madison River.
This study, a cooperative effort between the U.S. Geological Survey (USGS) and the National Park Service, includes data for the Water Years (WY) 1982 -1989 previously published by Norton and Friedman (1991 . These data have been recalculated using improved protocols and are included with new data acquired for WY1990-1998 This report only presents data, the interpretation of which is planned to be published in a seperately.
Definition of Water Year
All reported values of annual data are calculated for the Water Year (WY) which is defined as 12 months beginning with October 1 and ending September 30.
SITE DESCRIPTIONS
The location of the gauging sites are shown in FIGURE 1, while the site descriptions are given in TABLE 1. All of the monitoring sites are official USGS gauging stations. Sites for discharge measurements were selected on the Snake, Falls, Madison, and Yellowstone Rivers, which are the four major rivers draining the Park. The Madison River was gauged from September 1982 to October 1986 and again from 1990 through 1999. During the three years that this site was inoperative, we used data from sites on the Firehole and Gibbon River tributaries to calculate discharge and chloride flux for the Madison River. These were gauged several kilometers above their confluence at Madison Junction, where the Madison River originates. The gauging site on the Madison River was 24 km from this confluence. For a period of 11 years all three rivers (Madison, Firehole, and Gibbon) were monitored, which allowed us to compare the discharge and chloride flux from the Madison River with the sum of the values for the other two rivers. This relationship will be discussed in a later section.
Water sampling sites were located at the gauging sites with the exception of the Yellowstone River. To avoid chloride input from La Duke Hot Spring which discharges into the river 3.2 km upstream from the gauging site, the water sampling site was located about 1 km upstream from this hot spring.
The Gardner River was monitored at a gauging station near it's confluence with the Yellowstone River, while the Henry's Fork River was monitored near Ashton, 0.2 miles below the power dam at the ouitlet of Ashton Reservoir.
FIELD MEASUREMENTS AND SAMPLING

Stream discharge measurements
Discharge measurements are those reported by the Water Resources Division (WRD) of the USGS using standard hydrologic methods and automated recorders. These methods are described in standard textbooks, in Water-Supply Paper 2175, and in U.S. Geological Survey Techniques of Water-Resources Investigations, Book 3, Chapter A6, and were reported to have an accuracy of 5 percent.
The water samples for chloride determinations were withdrawn with 50-ml plastic syringes and filtered on site through 5-micron membrane filters into plastic bottles, and submitted, together with appropriate analytical standards, to the WRD National Water Quality Laboratory in Denver for analysis by spectrophotometric or ion chromatographic procedures.
We chose a schedule for water sampling of the rivers which was monthly for January, February, November, and December; bi-monthly for March, April, September, and October; and weekly for May, June, July , and August. This 28 sample protocol allowed for greater accuracy than the WRD sampling protocol, particularly during period of high runoff in the spring and summer. The standard water sampling protocol used by WRD is to collect a sample at each site every six weeks. Using data from these two sampling protocols, we calculated the annual chloride flux for 1985 and 1986 for the four major rivers draining the Park. The data show that the flux calculated for individual rivers by the two protocols differs by as much as 12%. The discrepancy will depend upon the specific dates of sampling as related to the timing of snowmelt runoff. In view of these results we chose our sampling schedule that allowed for increased sampling during the period of high discharge. To the 28 samples per year for each site that we collected, we incorporated some of the 9 samples per year collected by the WRD.
Problems encountered in measuring the discharge of the Fall and Madison Rivers
Measurements of the discharge of the rivers were not made for certain time periods, and had to be reconstructed. The following is a description of the methods used to calculate this data.
Fall River
The flow of the Fall River was measured at the USGS gauging site at Squirrel (USGS site 13047500) for the period October 1, 1983 through August 31,1993. Two irrigation canals (Marysville and Yellowstone) diverted water above the gauging site. The sum of the measured diversions through these two canals was added to the river discharge measured at the Squirrel gauge to derive a value of the total flow of the river as it exits the park.
A major diversion of the Fall River through the Marysville Canal for electricity generation began operation on September 1, 1993 and an alternate gauging station above all of the diversions did not begin operation until mid November, 1993 (see FIGURE 2 for a diagram showing the positions of the Fall River gauging sites and diversions). An estimate of the Fall River discharge during the missing data collection period which included all of September and October, as well as early November of 1993, was made as follows:
(1) The average daily water flow through the power station for September, October, and November of the following year (1994) was calculated by subtracting the sum of the daily discharges as measured at Squirrel (USGS site 13047500) and the daily irrigation diversions from the Fall River, from the daily total flow of the river as measured at a newly established gauging station located above all of the diversions from the Fall River (USGS site 13046995).
(2) The resulting power station turbine discharge was plotted against the daily average electrical power generated as recorded at the power station.
(3) Power station discharge for the missing months was calculated using the relation between power generated and turbine discharge as calculated at step 2.
(4) To derive the flow of the Fall River as it left the Park, power station discharge was added to the sum of the measured Fall River discharge as gauged at the Squirrel site and the measured diversions for irrigation that occurred above this gauge.
Although this estimate, which is based on the sum of four measurements (two irrigation canal flows, flow of the river at the Squirrel gauge, and the calculated power plant discharge), is less precise than a direct measurement of the flow, the added error to the annual discharge is small because the stage of the river during the period September through mid-November was low, and constituted only approximately 6% of the annual discharge of the Fall River.
Madison River discharge and flux calculations for 1987, 1988, and 1989 .
The discharge and chloride flux for the Madison River were not measured for the three water years 1987, 1988, and 1989 . However, the Firehole and Gibbon Rivers were gauged during this time above Madison Junction, just upstream of their confluence to form the Madison River, and 24 km (15 mi) from the Madison River gauging site near West Yellowstone. No streams or hot springs are known to discharge into the Madison River along this 24 km reach, and it appeared feasible to use the sum of the discharges of the Firehole and Gibbon Rivers to calculate the flow of the Madison during this period. However subsurface inflow is a factor to consider.
To determine the amount and chloride content of subsurface inflow to the Madison River between Madison Junction and West Yellowstone, we used data for years when all three rivers were gauged, and compared the discharge of the Madison at West Yellowstone with the sum of the discharges of the Firehole and Gibbon Rivers near Madison Junction. The chloride fluxes were also compared in a similar manner.
The first set of calculations, using data for 1984 , 1985 and 1986 , (Norton and Friedman, 1991 showed that the discharge of the Madison River measured at West Yellowstone was 11.7% greater than the sum of the discharges of the Firehole and Gibbon Rivers measured 24 km downstream at Madison Junction. The chloride flux was also 3.6% greater in the Madison River than the sum of the fluxes of the Firehole and Gibbon Rivers.
New calculations, using data for 1990 through 1994, in addition to 1984.1985 and 1986, has resulted in changes to these factors, which now are: 6.7% added discharge and 5.7% added chloride flux in the Madison River as compared to the sum of the Firehole and Gibbon Rivers near their confluence to form the Madison. These last factors have been used in this paper to derive the discharge and chloride flux for the Madison River in 1987 , 1988 , and 1989 when the discharge of the Madison river was not measured directly.
CHLORIDE ANALYSIS
Methods
For WY 1983 through 1989 the chloride determinations were made by a modification of the thiocyanate-spectrophotometric method of Skoustad et al. (1979) in which the discrete sample analyzer was replaced by an automated segmented sample analyzer. To increase the accuracy of the method we introduced our own chloride standard solutions between every 10 to 15 samples. We then normalized the laboratory results against these standards which were prepared gravimetrically from pure NaCl.
For WY 1990 through 1999 the chloride determinations were made utilizing the ion chromatographic procedure described by Fishman and Friedman, 1989 . A series of gravimetrically prepared KC1 standards were inserted at the beginning, middle, and end of each group of 50 samples, and the laboratory results of the chloride analyses were normalized to these standards. The automated chloride analysis apparatus has a digital readout which limits the precision of the readout, and results in the precision varying with chloride concentration from about 1% relative standard deviation for chloride concentrations greater than 50 ppm, to 3% for concentrations below 10 ppm. The Falls River, named by the fur trappers in the early 1800's, was renamed the Fall River in 1997. Water year 1994
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